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(57)Abstract: 

PROBLEM TO BE SOLVED: To impart excellent surface rigidity to a product, at the time of producing 
a watch member or an ornament using an austenitic metal, by executing carburizing treatment after 
fluorination treatment and regulating the depth and hardness of a carbohardened layer and the 
formation of carbides in the carburized layer. 

SOLUTION: A base metal is composed of an austenitic stainless steel contg., by weight, 15 to 25% Cr 
or furthermore contg. 1.5 to 4% Mo. After forming, this is subjected to carburizing treatment, and a 
carbohardened layer composed of austenitic phases is formed to a depth of 10 to 50 jU m from the 
surface in such a manner that there occurs no intrusion of carbon atoms into the base metal crystal 
lattices and no formation of solid solution, thus, to cause no formation of coarse chrimium carbides. 
Furthermore, the micro Vickers hardness of the carburized layer is regulated to 700 to 1050. At th'e 
time of the carburizing treatment, it is subjected to fluorination treatment of executing holding under ' 
heating at 300 to 500° C in a gaseous fluorine atmosphere, is thereafter subjected to heating 
treatment in a gas contg. NH3 and is then carburized at 400 to 500° C in a carburizing gaseous 
atmosphere contg. carbon nonoxide to regulate the maximum carburizing concn. to 1.2 to 2.6wt.%. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To impart excellent surface rigidity to a product, at the time of 
producing a watch member or an ornament using an austenitic metal, by executing 
carburizing treatment after fluorination treatment and regulating the depth and hardness of a 
carbohardened layer and the formation of carbides in the carburized layer. 
SOLUTION: A base metal is composed of an austenitic stainless steel contg., by weight, 15 to 
25% Cr or furthermore contg. 1 .5 to 4% Mo. After forming, this is subjected to carburizing 
treatment, and a carbohardened layer composed of austenitic phases is formed to a depth of 
10 to 50um from the surface in such a manner that there occurs no intrusion of carbon atoms 
into the base metal crystal lattices and no formation of solid solution, thus, to cause no 
formation of coarse chrimium carbides. Furthermore, the micro Vickers hardness of the 
carburized layer is regulated to 700 to 1050. At the time of the carburizing treatment, it is 
subjected to fluorination treatment of executing holding under heating at 300 to 500°C in a 
gaseous fluorine atmosphere, is thereafter subjected to heating treatment in a gas contg. NH3 
and is then carburized at 400 to 500°C in a carburizing gaseous atmosphere contg. carbon 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the clock by which a base material consists of an austenite metal -- the carburization 
hardening clock characterized by being a member or accessories, and for a surface layer with a depth of 
10-50 micrometers hardening by permeation of a carbon atom from a front face, being formed in a 
carburization hardening layer, and the big and rough chromium-carbide particle not existing in this 
carburization hardening layer a member or accessories 

[Claim 2] the clock by which a base material consists of an austenite metal -- the carburization 
hardening clock by which it is a member or accessories, a surface layer with a depth of 10-50 
micrometers hardens by permeation of a carbon atom from a front face, and it is formed in a 
carburization hardening layer, and this carburization hardening layer carries out invasion dissolution into 
a base material grid, and a carbon atom is characterized by not to form a chromium carbide but to be 
formed from the same austenite phase as a base material ~ a member or accessories 
[Claim 3] the carburization hardening clock according to claim 1 or 2 by which the degree of hardness 
of a carburization hardening layer is formed in 700-1050 (Hv) with micro Vickers hardness - a member 
or accessories 

[Claim 4] a carburization hardening clock given in any 1 term of the claims 1-3 whose austenite metals 
are the austenite stainless steel which contains chromium 15 to 25% of the weight - a member or 
accessories 

[Claim 5] a carburization hardening clock given in any 1 term of the claims 1-4 whose austenite metals 
are the austenite stainless steel which contains molybdenum 1.5 to 4% of the weight — a member or 
accessories 

[Claim 6] a carburization hardening clock given in any 1 term of the claims 1-5 whose maximum carbon 
concentration in a carburization hardening layer is 1.2 - 2.6 % of the weight - a member or accessories 
[Claim 7] the material which consists of an austenite metal -- a predetermined clock ~ the carburization 
hardening clock which carries out a fabricating operation to the configuration of a member or 
accessories, and is characterized by to form a carburization hardening layer in a front face by carrying 
out fluoride processing, holding in the state of heating and carrying out carburization processing under 
the carburization nature gas atmosphere which subsequently contains a carbon monoxide by holding in 
the state of heating under fluorine system gas atmosphere -- the process of a member or accessories 
[Claim 8] the carburization hardening clock according to claim 7 by which the temperature in the case of 
carburization processing is set as 400-500 degrees C ~ the process of a member or accessories 
[Claim 9] the carburization hardening clock according to claim 7 or 8 by which the temperature in the 
case of fluoride processing is set as 300-500 degrees C « the process of a member or accessories 
[Claim 10] a clock - a member or accessories - before carburization processing after a fluoride 
processing end -- NH3 a carburization hardening clock given in any 1 term of the claims 7-9 held in the 
state of heating under the gas atmosphere to include ~ process of a member or accessories 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] the carburization hardening clock equipped with the 
both sides of corrosion resistance with an advanced this invention, and high surface hardness it is 
related with a member or accessories, and those processes 
[0002] 

[Description of the Prior Art] In accessories, such as clock members, such as a band for clocks, and 
casing, or a bracelet for an ornament, in order to raise corrosion resistance from the former, hard plating 
of TiN coating by wet plating of nickel plating metallurgy plating etc. or PVD (physical vapor 
deposition) etc. was given in many cases. However, by these coating methods, since the adhesion of the 
above-mentioned plating coat or a coating coat is low, it is easy to cause coat ablation and there is a 
problem that the life of a clock member or accessories becomes short. Moreover, the original texture like 
stainless steel is lost and the problem of being bad also has appearance. Then, the clock member and 
accessories etc. which used corrosion-resistant good austenite stainless steel material as it was, without 
giving the above plating etc. are increasing. 
[0003] 

[Problem(s) to be Solved by the Invention] However, as it is, since the clock member and accessories 
using the above austenite stainless steel material are rich in corrosion resistance and lack in the pile 
opposite side and surface rigidity at rust, it scratches on a product front face, a blemish and a bruise tend 
to be attached, and they have the fault that they are conspicuous and appearance quality deteriorates at 
an early stage. 

[0004] Then, applying osmosis hardening processing of nitriding etc. is also examined about the clock 
member and accessories using austenite stainless steel material. Among these, nitriding treatment is the 
method of making the interior carrying out diffusion osmosis of the nitrogen atom, and forming the 
surface layer in a hard nitrated case from the front face of austenite stainless steel material. By this 
method, although the surface hardness of a product improves, it has the big problem that important 
corrosion resistance falls. For a certain reason, the difficulty of especially applying to a clock member or 
accessories that it is moreover tinctured with magnetism or the surface roughness of a product becomes 
bad is also unsuitable. Thus, it is thought because the chromium atom (corrosion-resistant improvement 
is realized by this chromium atom) which dissolves in a nitrated case at the austenite stainless steel 
material itself serves as chromium nitrides, such as CrN and Cr2 N, and is consumed by nitriding and 
the amount of dissolution in a base material decreases that corrosion resistance falls by nitriding. 
Moreover, by generation of such a nitride, a front face blisters or problems, like surface roughness 
becomes bad arise. The actual condition is that nitriding treatment is not applied about the clock member 
or accessories of these problems [ like ] to austenite stainless steel material. 
[0005] Moreover, a cementation process exists as other methods of the above-mentioned osmosis 
hardening processing. The front face of metal material is contacted in the carburization nature gas 
containing a carbon content, and the conventional cementation process carries out diffusion osmosis of 
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the carbon atom into a surface layer, and forms a hard carburization layer. The permeability and 
dissolution limit of a carbon atom are taken into consideration in such a cementation process, and, 
generally it is Al of iron. Carburization processing is performed at the temperature of 700 degrees C or 
more which is the transformation point, however -- if the metal which usually contains high- 
concentration chromium like stainless steel is carburized at the elevated temperature of 700 degrees C or 
more -- Cr 23 C6 and Cr 7C3 etc. -- the thing [ like ] which a stable chromium carbide deposits so much 
in a grain boundary or a stacking fault thermodynamically is known If these carbide deposits, the 
amount of chromium which dissolves in a base material will decrease, and corrosion resistance will fall 
greatly. Furthermore, in order to also make big and rough the chromium carbide which deposited in 
being held for a long time at the temperature (an iron recrystallizing temperature is 450 degrees C of 
abbreviation) far beyond the iron recrystallizing temperature, a base material's becoming soft and the 
intensity of the core part of material also falling remarkably, generally the degree of hardness of a 
carburization layer is low, and only an about 600 to 650-Hv thing is obtained by surface hardness at 
most. 

[0006] Furthermore, in the above-mentioned carburization processing, in order to prevent softening of a 
base material, and big and rough-ization of a chromium carbide, for example, when carburization 
temperature is set as 500 degrees C or less, there is a problem that osmosis of permeated type dissolution 
elements, such as N and C, is difficult, and cannot obtain sufficient hardening layer, by existence of the 
passive-state oxide film currently formed in the front face of austenite stainless steel material. Moreover, 
in the above degree regions of low temperature, since CO used as carbon source gas produces the 
reaction (the so-called BUDOA reaction) of [2 CO->C+C02], the problem that a lot of carbon deposits 
is in a furnace. On the other hand, according to the ion nitriding using glow discharge, in the above 
carburization processings, since processing is performed by the 400-700-degree C latus temperature 
requirement, although the austenite stainless steel material which has a firm passive-state oxide film is 
also possible for nitriding, since the inside of a furnace is polluted with depositing carbon, an electric 
discharge operation cannot become out of condition, and cannot process practical in the degree region of 
low temperature of 500 degrees C or less. Application of the technology of performing carburization 
processing to the clock member and accessories of austenite stainless steel material since [ these ] like is 
not taken into consideration. 

[0007] as mentioned above, a clock with high surface hardness with sufficient corrosion resistance - the 
actual condition is that a member or accessories are not developed 

[0008] the carburization hardening clock which this invention was made in view of such a situation, and 
does not lose the corrosion resistance of austenite metal original, and has high surface hardness -- offer 
of a member or accessories, and those processes is set as the purpose 
[0009] 

[Means for Solving the Problem] They are a member or accessories, the clock by which, as for this 
invention, a base material consists of an austenite metal in order to attain the above-mentioned purpose - 
- A surface layer with a depth of 10-50 micrometers hardens by permeation of a carbon atom from a 
front face, and it is formed in a carburization hardening layer. A member or accessories are made into 
the 1st summary, the carburization hardening clock by which the big and rough chromium-carbide 
particle does not exist in this carburization hardening layer -- A fabricating operation is carried out to the 
configuration of a member or accessories, the material which consists of an austenite metal -- a 
predetermined clock -- the carburization hardening clock which forms a carburization hardening layer in 
a front face by carrying out fluoride processing, holding in the state of heating and carrying out 
carburization processing under the carburization nature gas atmosphere which subsequently contains a 
carbon monoxide by holding in the state of heating under fluorine system gas atmosphere ~ let the 
process of a member or accessories be the 2nd summary 

[0010] This invention persons are Al of steel to austenite metals, such as austenite stainless steel, when 
it is process in which a series of researches are repeated and pretreats by fluorine system gas on the 
occasion of carburization processing, in order to raise the surface hardness to an austenite metal. It hit 
whether carburization processing at the low temperature below the transformation point would be 
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attained on an idea, and a series of researches were repeated based on this. It is the process of this 
research, and like the aforementioned idea, if it processes by fluorine system gas in advance of 
carburization processing simultaneously with carburization processing, the passive-state oxide film of an 
austenite surface of metal will be changed into a fluoride film, and carburization processing in the low- 
temperature region by which impossible ** was carried out will be attained conventionally. And when it 
was made the temperature of 500 degrees C or less instead of temperature [ like before ] of 700 degrees 
C or more whose temperature of the carburization processing is also, it found out that a big and rough 
chromium-carbide particle stopped existing in the carburization hardening layer formed. Furthermore, 
by carbonaceous permeation dissolution, in the carburization hardening layer, the big distortion to the 
crystal lattice of an austenite phase arose, and the degree of hardness of a carburization layer traced the 
bird clapper very highly, and a clock - by forming a member or accessories with an austenite metal, and 
performing the above processings, the surface layer with a depth of 10-50 micrometers was formed in 
the carburization hardening layer from the front face, it found out that the corrosion resistance which the 
austenite metal itself has was moreover hardly spoiled, and this invention was reached thus, the obtained 
carburization hardening clock -- a member and accessories excel [ surface layer ] in corrosion resistance 
by hard, moreover, a front face blisters like before, or they do not have difficulties, like surface 
roughness becomes bad, either 

[001 1] the X-ray diffractometer (X-Ray Diffraction meter) which will generally be used for the crystal 
structure analysis of a metallic material in this invention here if the big and rough chromium-carbide 
particle does not exist -- Cr 23C6, Cr 7C3, and Cr 3C2 etc. - the state where the chromium carbide of a 
crystalline substance cannot be checked is said Namely, since the crystal structure is [ a lattice constant ] 
a= 3.59A in a face-centered cubic lattice, as for the austenite phase (gamma-phase) which is **** of an 
austenite metal, a specific diffraction peak is acquired according to an X diffraction. On the other hand, 
Cr 23C6 Even if it is the same face-centered cubic lattice, a lattice constant is a= 10.6A, and it is Cr 
7C3. Lattice constants are a= 14.0A and c= 4.53A in ******, and it is Cr 3C2. Lattice constants are a= 
5.53A, b= 2. 821 A, and c= 1 1.49A in a prismatic crystal. Thus, since the crystal structure and a lattice 
constant differ from the above-mentioned austenite phase, these chromium carbides produce a different 
X diffraction peak from the X diffraction peak acquired with the above-mentioned austenite phase. 
Therefore, when a big and rough chromium -carbide particle exists in a carburization hardening layer, in 
the case of austenite phase single phase, the X diffraction peak of the chromium carbide which is not 
seen will appear according to an X diffraction. On the other hand, between the grid atoms of a base 
material, when a carbon atom carries out invasion dissolution, the carburization hardening layer in this 
invention does not form a chromium carbide, but is formed from the same austenite phase as a base 
material. Moreover, depending on invasion dissolution of the above-mentioned carbon atom, not only a 
chromium carbide but the big and rough carbide particle of other iron systems is not formed. For this 
reason, the X diffraction peak of carbide, such as a chromium carbide, does not appear according to an 
X diffraction, either. Here, though it contained in the carburization hardening layer when the above- 
mentioned big and rough chromium-carbide particle and big and rough carbide particles were carbide, 
such as a chromium carbide more detailed than this, although the granular thing whose particle size is 
0.1-5 micrometers was usually said, there is no trouble in effects, such as surface hardness and corrosion 
resistance improvement, and the X diffraction peak of carbide, such as a chromium carbide, does not 
appear according to an X diffraction, either. That is, if the big and rough chromium-carbide particle does 
not exist in this invention, particle size shall contain what carbide, such as an overly detailed chromium 
carbide 0. 1 micrometers or less, contained. 

[0012] moreover, a clock - when the austenite metal which constitutes a member or accessories is the 
austenite stainless steel which contains chromium 15 to 25% of the weight, also by cold working in 
ordinary temperature, an austenite phase is stable and the hardening operation by grid distortion to 
which a carbon atom carries out invasion dissolution, and happens after processing various 
configurations is obtained enough Furthermore, when an austenite metal is the austenite stainless steel 
which contains molybdenum 1.5 to 4% of the weight, the effect that the corrosion-resistant fall by 
carburization becomes still smaller comes to be acquired. Moreover, when the maximum carbon 
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concentration in the above-mentioned carburization hardening layer is carried out to 1.2 - 2,6% of the 
weight, the grid distortion of an austenite phase becomes still larger, and surface hardness becomes still 
higher. In addition, it is NH3 as middle processing before carburization processing after a fluoride 
processing end. When heating maintenance is carried out under the gas atmosphere to include, formation 
of a carburization hardening layer is stable, 
[0013] 

[Embodiments of the Invention] lessons is boiled and taken for the gestalt of operation of this invention 
from the next, and it explains in detail 

[0014] the clock by which this invention was formed from the austenite metal -- after carrying out 
fluoride processing to a member or accessories (the following — "clock -- a member etc. is called ") 
using fluorine system gas, a carburization hardening layer is formed in the front face by performing 
carburization processing 

[0015] As a clock member which is the object of this invention, various kinds of things, such as pins 
which connect the band for clocks, the ring of casing and a dial-face periphery or the main part of a 
clock, and a belt, are raised. Moreover, as accessories, various kinds of things, such as a bracelet for an 
ornament, a hair stop (so-called "Valletta"), and a key case, are raised, these clocks - many austenite 
metallic materials, such as austenite stainless steel material, are used for a member or accessories 
[0016] as the above-mentioned austenite metal - austenite stainless steel, for example, iron, -- more than 
50 % of the weight (it abbreviates to "wt%" below) - containing - a part for chromium more than 
10wt% » the austenite stainless steel to contain is mentioned concrete - the 18-8 system stainless steel 
material of SUS316 and SUS304 grade, and chromium - 23wt(s)% and nickel -- 13wt(s)% -- SUS310 
which is the austenite stainless steel to contain, and 309 ~ further - a chromium content -- 23wt(s)% 
and molybdenum -- 2wt(s)% ~ the included austenite-ferrite 2 phase system stainless steel material is 
mentioned Furthermore, the Incoloies (more than nickel30-45wt%-Crl0wt%, remainder Fe, etc.) which 
are heat-resisting steel are also contained. Moreover, the nickel machine alloy containing iron 30wt%, 
other molybdenum, etc. is also contained in the above-mentioned austenite metal more than nickel 
45wt% and chromium 20wt%. thus, this invention - setting - an austenite metal - ordinary temperature 
-- being substantial (it saying that more than 60wt% has an austenite phase as it is substantial) - a Fe- 
Cr-Mn system metal which means all the metals that present an austenite phase, therefore replaced 
nickel from the manganese which is an austenite stabilization element is also contained Also in these, 
although the smallest possible stable type stainless steel of nickel content from the point of carburized 
case depth and the point of a material price is desirable, from a corrosion-resistant viewpoint, there are 
many nickel contents and the stainless steel which moreover contains Mo which is a valuable element in 
the range to about 1.5-4wt% is desirable. Moreover, what a chromium content is 15 - 25wt%, and added 
1.5 - 4wt% Mo to this stable type stainless steel as most suitable metal as it was stable type stainless 
steel with a stable austenite phase and having been mentioned above also by processing of ordinary 
temperature is the most suitable. 

[0017] the clock formed with the above austenite metals next - in advance of carburization processing, 
fluoride processing is performed under fluorine system gas atmosphere to a member etc. In addition, you 
may perform this fluoride processing simultaneously with carburization processing. Fluorine system gas 
is used for this fluoride processing, as the above-mentioned fluorine system gas -- NF3, CF4, SF4, C2 
F6, BF3, CHF3, HF, SF6, WF6, SiF4, and C1F3 etc. -- from - the becoming fluorine compound gas 
mentions - having -- these - independent - or two or more sorts are used collectively Moreover, other 
fluorine system gas containing a fluorine [F] can be used as the above-mentioned fluorine system gas 
into a molecule in addition to these gas. Moreover, F2 which made such fluorine compound gas 
pyrolyze with pyrolysis equipment, and made it generate Gas and F2 made beforehand Gas can also be 
used as the above-mentioned fluorine system gas. Such fluorine compound gas and F2 Mixed use of the 
gas is carried out by the case. And the above-mentioned fluorine compound gas and F2 Fluorine system 
gas, such as gas, is usually N2, although it can also use only by it. It is used diluting with inert gas, such 
as gas. Concentration of fluorine system gas own [ in such diluted gas ] is capacity criteria, for example, 
is 10000-100000 ppm, and is 30000-50000 ppm more preferably 20000-70000 ppm. having practicality' 



http://www4.ipdl j po. go.j p/cgi -bin/tran_web_cgi_ej j e 



8/26/02 



Page 5 of 11 



most as this fluorine system gas - NF3 it is . Above NF 3 It is gas-like in ordinary temperature, and 
chemical stability is high and handling is easy. Such NF3 Gas is usually the above N2. It is used by 
above-mentioned concentration within the limits combining gas. 

[0018] the clock which processed the austenite metal into the predetermined configuration first in this 
invention when the above-mentioned fluoride processing was described in more detail — a member etc. 
is put in in a furnace, while it has been unsettled, under the fluorine system gas atmosphere of the above- 
mentioned concentration, it holds in the state of heating, and fluoride processing is carried out In this 
case, 250-600 degrees C of heating temperature are suitably performed by the 300-500-degree C 
temperature requirement, the above-mentioned clock in the inside of the above-mentioned fluorine 
system gas atmosphere ~ the holding times, such as a member, are usually set up in about ten minutes - 
dozens of minutes the above-mentioned clock -- Cr 203 formed in the front face by processing a 
member etc. under such a fluorine system gas atmosphere The included passive-state coat changes to a 
fluoride film, it is expected that this fluoride film makes easy osmosis of the carbon atom in the case of 
carburization compared with the above-mentioned passive-state coat - having ~ a clock it is guessed 
that front faces, such as a member, are what will be in the easy surface state of osmosis of a carbon atom 
by the above-mentioned fluoride processing 

[0019] Next, carburization processing is performed after performing the above fluoridization. 
carburization processing - the above-mentioned clock - a member etc. - the temperature of 400-500 
degrees C ~ it heats in temperature of 400-480 degrees C suitably, and is carried out by making the 
inside of a furnace into the gas atmosphere for carburization setting carburization temperature as a low 
temperature requirement as mentioned above - the inside of a carburization layer - Cr 23C6 etc. -- 
since the chromium carbide of a crystalline substance does not deposit and the chromium atom in a base 
material is not consumed, the corrosion resistance of a carburization hardening layer is maintained 
Moreover, since it is processing in the degree region of low temperature, big and rough-ization of 
carbide does not take place, either, but there are also few on-the- strength falls moreover according to 
softening of a base material core part. As the above-mentioned gas for carburization, CO is used as 
carbon source gas and it is usually this CO and H2, C02, and N2. It is used in the form of mixed gas. 
The carburization capacity (carbon-potential-C value) of this carburization nature gas is usually CO and 
C02 in atmosphere. Partial pressure values PCO and PC02 It uses and is expressed with the following 
formula. This PC If a value is large, although carburization capacity will become large, surface carbon 
concentration will become high and surface hardness will become high, generating of the soot in a 
furnace increases. Contrary to it, it is Above PC. If a value is small, carburization capacity will become 
small, surface carbon concentration becomes low, and surface hardness becomes low. Moreover, the 
above PC The value has also made it clear that a limitation is shown in the surface hardness of the 
carburization hardening layer formed though set up more than a fixed critical point. 
[0020] 

[Equation 1] PC =(PCO) 2 / PC02 [0021] thus, the clock formed from the austenite metal by processing 
- a "carbonaceous" diffusion layer (carburization hardening layer) is uniformly formed in front faces, 
such as a member this carburization hardening layer ~ Cr 23C6, Cr 7C3, and Cr 3C2 etc. - the 
chromium carbide of a crystalline substance [ like ] is not generated, but, according to observation by 
T.E.M. (transmission electron microscope), is [ that the carbide of a very detailed metal with a particle 
size of 0.1 micrometers or less is only accepted, and ] Moreover, it does not consist of this carbide of the 
crystalline substance which detailed carbide overly has the same chemical composition as a base 
material according to the analysis of a spectrum of T.E.M., and Cr and C combined exceptionally. 
Furthermore, into a base material grid, a carbon atom carries out invasion dissolution, and does not form 
a chromium carbide, but the above-mentioned carburization hardening layer is formed from the same 
austenite phase as a base material. The carburization hardening layer has started the big lattice strain by 
permeation dissolution of these carbon atoms of a lot of. According to the compound effect of the 
above-mentioned detailed carbide and grid distortion, improvement in the degree of hardness of a 
carburization hardening layer is realized, and a high degree of hardness called Hv 700-1050 is obtained 
with micro Vickers hardness. And since the chromium carbide of a crystalline substance does not 
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generate and the chromium atom in a base material is not consumed, corrosion resistance is also 
maintaining unsettled material and this intensity, moreover, the clock after carrying out carburization 
processing — since a very thin oxidization unusual layer is formed in the maximum surface, although 
black is presented to front faces, such as a member, surface appearance with unsettled material and the 
metallic luster peculiar to stainless steel not changing can be acquired by removing the above-mentioned 
oxidization unusual layer by finishing processing of mechanical polish processing or pickling And this 
carburization hardening layer is JIS. It is a salt spray test (SST) by 2371, and the outstanding corrosion 
resistance of not carrying out rusting at all for 2000 hours or more is shown. 
[0022] Above fluoride processings and carburization processings are performed by the metal muffle 
furnace as shown in drawing 1 . That is, fluoride processing is first carried out into this muffle furnace, 
and, subsequently carburization processing is performed, drawing 1 — setting — 1 — a muffle furnace 
and 2 ~ the coat and 3 — a heater and 4 a content machine and 5 ~ a gas introduction pipe and 6 for 
a vacuum pump and 14, as for a bomb and 17, an exhaust gas processor, and 15 and 16 are [ an exhaust 
pipe and 7 / a motor, the cage of the product / 8 / 1 1 / a fan and ] made from a wire gauze, and 13 / a 
flowmeter and 18 / bulbs the clock which consists for example, of austenite stainless steel material in the 
above-mentioned furnace 1 -- 10, such as a member, -- putting in ~ a bomb 16 — passage « connecting - 
- NF3 etc. -- fluoride processing is carried out introducing fluorine system gas in a furnace 1, and 
heating it, subsequently the gas is pulled out in an operation of a vacuum pump 13 from an exhaust pipe 
6, the detoxication is carried out within the exhaust gas processor 14, and it emits outside The gas for 
carburization which connected the bomb 15 to passage and was previously described in the furnace 1 
below is introduced, carburization processing is performed, and gas is discharged outside via an exhaust 
pipe 6 and the exhaust gas processor 14 after that. Fluoride processing and carburization processing are 
made by this work of a series of. Moreover, after carburization processing, a burnout etc. is performed 
suitably and removing the carbon which deposited in the furnace is performed. In addition, not only an 
one-room type furnace as shown in drawing 1 but a two which perform fluoride processing and 
carburization processing in another room room type furnace may be used for the furnace used for 
processing. 

[0023] in order to investigate the property of this carburization hardening layer organization in more 
detail -- a clock -- it processed by the art of this invention and the X diffraction was presented with the 
same tabular piece (b) of SUS3 16 material as using it for raw materials, such as a member The above- 
mentioned tabular piece (b) is put in in a furnace, and fluoride processing is carried out for 10 minutes at 
350 degrees C under the fluorine system gas atmosphere of NF3+N2 (NF3 3 capacity % ("voI%" is 
called below), N2 97vol%). namely, subsequently After discharging the above-mentioned fluorine 
system gas from a furnace, carburization nature gas (CO20vol%+CO2 2vol%+H2 40vol% mixed gas 
and remainder N2) was introduced in the furnace, it held at 480 degrees C for 16 hours, and 
carburization processing was performed. Moreover, the piece (c) in which the hardening layer was made 
to form as piece for comparison with the above-mentioned tabular piece (b), having used unsettled 
material piece (a) and carburization processing temperature as 600 degrees C was produced. The X 
diffraction result of the three above-mentioned kinds of piece (a), (b), and (c) is shown in drawing 2 . 
Although the diffraction line of carbide like Cr 23C6 and Mo2</SUB>C usually expected is accepted in 
the piece [ drawing 2 (c)] processed at 600 degrees C, it turns out that there is no peak of the above 
carbide and the chromium carbide of a crystalline substance is not generating at the piece [ drawing 2 
(b)] which carried out carburization processing at 480 degrees C by this invention. Therefore, there are 
many chromium components which remain in a base material, and they are regarded as what has high 
corrosion resistance. 

[0024] Moreover, it is possible that the improvement in the degree of hardness of a carburization 
hardening layer originates in grid distortion generating of the austenite phase by permeation dissolution 
of a carbon atom. It is clear to the piece [ drawing 2 (b)] which carried out carburization processing from 
having shifted to a low angle side (left-hand side) remarkably compared with it of unsettled material 
[ drawing 2 (a)] that the peak position's of an austenite phase this [ whose ] is **** of a 480-degree C 
carburization processing article [ drawing 2 (b)] a big grid distortion has arisen. In addition, the above- 
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mentioned X diffraction was performed under 50kV, 240mA, and Cu target conditions using RINT1500 
equipment. 

[0025] According to the above-mentioned X diffraction, it is clear for a big and rough chromium-carbide 
particle not to exist, but for the carburization hardening layer to be formed only from the austenite phase 
(gamma-phase) with the crystal structure of the same organization as a non-hardened layer, and to only 
extend to directions [ crystal lattice ] by carbonaceous invasion dissolution. 

[0026] Moreover, the EPMA analysis result of the carbon concentration in the carburization hardening 
layer of the piece (d) which carried out carburization processing at the piece (b) which carried out 
[ above-mentioned ] carburization processing, (c), and 440 degrees C is shown in drawing 3 - drawing 
5 . the piece which carried out carburization processing at 480 degrees C which is a typical temperature 
requirement in this invention -- the piece which carried out carburization processing at (b) [ drawing 3 ] 
and 440 degrees C - in (d [ drawing 4 ]), the maximum carbon concentration has reached also to 1.8 - 
2.0wt% On the other hand, it sets to (Piece c) [ drawing 5 ] processed at 600 degrees C, and the 
maximum carbon concentration is 1.03wt(s)% and a considerable low. Thus, in this invention, it is 
another feature that the carbon concentration of a carburization hardening layer is very high, and it has 
become the cause in which the carburization hardening layer of a high degree of hardness is formed. In 
addition, in the carburization hardening layer formed in this invention, the place where carbon 
concentration becomes the maximum is the maximum front face so that clearly also from the EPMA 
analysis result of drawing 3 - drawing 5 . Although the maximum carbon concentration of this front face 
changes with the carbon potentials (PC value) of the controlled atmosphere in the case of carburization 
processing, in the carburization hardening layer formed of processing at 400-500 degrees C which is the 
temperature field carried out by this invention, taking the value of the range whose maximum carbon 
concentration is 1.2 - 2.6wt% has made it clear. 

[0027] The depth of the carburization hardening layer by the method of this invention depends for 
processing temperature on fixed, then the processing time, although it is that in which a diffusion layer 
with a depth of 0.1mm to about several mm is formed according to the usual carburization processing -- 
this invention - processing temperature - a 500-degree-C or less and low sake -- a base material - so 
much -- not softening -- moreover - a clock -- since so big the planar pressure load considering the 
demand of a final product called a member etc. is not applied, 0. 1mm or less and it will also come out 
enough, if an about 10-50-micrometer carburization hardening layer is obtained At the temperature 
requirement by the method of this invention, it can obtain by the processing time of about 3 - 30 hours. 
[0028] the clock of this invention - as for a member etc., the last finishing processing of mechanical 
grinding polish or the barrel finishing after acid treatment is performed after carburization processing 
The 1-3 -micrometer oxidization unusual layer formed in the maximum front face is removed by these 
processings, and surface appearance with the metallic luster of stainless steel original is acquired. 
Moreover, although carburization processing is performed in this invention after performing fluoride 
processing, carburization processing is not immediately started after fluoride processing according to the 
situation in a furnace etc., but it is once NH3 as middle processing. It blows in into a furnace about 20 to 
40 minutes, and carrying out carburization processing after that is also performed. Such NH3 By 
performing middle processing to depend, there is an advantage that formation of a carburization 
hardening layer is stabilized. This is NH3. It is imagined as what what CrN of a minute amount 
generated into the maximum surface portion temporarily by addition has influenced. It is NH3 when the 
above-mentioned middle processing is performed. Compared with the case where it does not use, the 
oxidization unusual layer thickness of the generated carburization hardening layer front face increases a 
little. It is desirable to perform removal of the unusual layer in this case by acid treatment 
[0029] 

[Effect of the Invention] as mentioned above, the clock by the austenite metal by this invention -- a 
member etc. is equipped with the ornament nature originating in the gloss of stainless steel original, and 
has the surface hardness more than the hardening article of steel, and advanced corrosion resistance 
Therefore, compared with the conventional plating article etc., it can hold beautiful [ original ] under 
any environment. 
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[0030] Below, an example is explained. 
[0031] 

[Example 1] Two or more dial faces of the wrist watch which carried out the fabricating operation from 
SUS316L material (Crl8wt%-nickell2wt%-Mo2.5wt%) were prepared. First, after inserting this dial 
face in the furnace shown in drawing 1 , the temperature up of it was carried out to 480 degrees C. 
Subsequently, fluorine system gas (5vol%NF3+95vol%N2 mixed gas) was blown for 15 minutes into 
the furnace, and fluoride processing was performed. Next, after discharging fluorine system gas, 
carburization nature gas (mixed gas of CO10vol%+H2 20vol%+CO2 lvol% and the remainder N2) was 
blown, and it took out, after holding in the state for 12 hours and performing carburization processing. 
Although the appearance of the dial face after carburization processing wore black, when it removed the 
black unusual layer by barrel finishing processing for one of pieces of this, it turned into appearance 
which has gloss peculiar to the almost same stainless steel as processing before. When the situation of a 
hardening layer was investigated about this dial face, the depth of surface hardness of Hv 850-920 (a 
core part degree of hardness is Hv240) and a hardening layer was 30 micrometers. After being immersed 
in the 15vol%HN03-5vol%HF solution which warmed one another piece at 50 degrees C among the 
black things immediately after carburization processing on the other hand for 20 minutes, when buffing 
was given, this also came to show the same appearance as processing before. When the situation of the 
hardening layer about this dial face was investigated, the depth of surface hardness of Hv 830-880 and a 
hardening layer was 29 micrometers. When SST was presented with the dial face after these finishing 
processing, even if both next passed 2000 hours, rusting was not carried out at all, but good corrosion 
resistance was shown. These results are shown in the following table 1. 

0032] 

Table 1] 





mm (Hv) 
( ) mmm. 


(jum) 


SSTfgStrt-O 




8 5 0- 9 2 0 

(2 4 0) 


30 


2 0 0 0KU1 




8 30- 8 8 0 


29 


2 0 0 ORfc 



[0033] 

[Example 2] In addition to the dial face of SUS316L material used in the example 1, two or more each 
of samples which completely processed the same configuration similarly from SUS304 material 
(Crl8wt%-nickel7.5wt%) and SUS3 10 material (Cr25wt%-nickel20wt%) was prepared. It put into the 
furnace which shows these three kinds of dial faces to drawing 1 , and heated at 450 degrees C. 
Subsequently, it took out, after having blown fluorine system gas (3vol%NF3+97vol%N2 mixed gas) 
for 20 minutes, carrying out fluoride processing and carrying out entrainment carburization processing 
of the carburization nature gas (C015vol%+H2 30vol%+CO2 1.5vol% and remainder N2) for 21 hours. 
Although appearance was presenting black, after it applied the soft blast, it removed all three sorts of 
black sections completely by grinding barrel finishing processing. When the situation of a hardening 
layer was investigated, for the SUS316L article, Hv 920-980 (core part degree of hardness Hv240) and 
304 SUSs were [ Hv 1080-1120 (core part degree of hardness Hv250) and 310 SUSs ] Hv(s) 880-930 
(core part degrees of hardness 260-Hv 270) in surface hardness. For the SUS316L article, 28 
micrometers and 304 SUSs were [ 20 micrometers and 310 SUSs ] 21 micrometers, and the SUS316L 
article had [ the hardening layer depth ] the thickest hardening layer. Next, SST was presented with 
these three kinds of dial faces. Consequently, although rusting of them was not carried out even if 
SUS316L article and 310 SUSs passed 2000 hours, they carried out rusting about 304 SUSs in 18 hours. 
These results are shown in the following table 2. 
[0034] 
[Table 2] 
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SWK (Hv) 
( )ft(*23HGK 


(«m) 




SUS3 1 6L 


9 2 0- 980 
(2 4 0) 


2 8 


2 0 0 OJSLL 


SUS3 1 0 


8 8 0- 9 3 0 
(2 6 0-2 7 0) 


2 1 


20 OOElh 


SUS3 0 4 


1 0 8 0-1 1 2 0 
(2 5 0) 


2 0 


L 8 



[0035] Moreover, the black article after carbonization processing was flooded with the 50-degree C 
15vol%HN03-5vol%HF solution for 20 minutes, the black unusual layer was removed, and the situation 
of a hardening layer was investigated, surface hardness -- SUS3 16L article -- for the SUS3 16L article, 
27 micrometers and 304 SUSs were [ Hv 850-900 and 304 SUSs / Hv 450-500 and 3 10 SUSs / 6 
micrometers and 310 SUSs of the depth of Hv 830-850 and a hardening layer ] 20 micrometers These 
results are shown in the following table 3. 
[0036] 





SBESS (Hv) 




SUS3 1 6L 


8 5 0- 9 0 0 


2 7 


SUS3 1 0 


8 3 0- 8 5 0 


2 0 


SUS 3 0 4 


450- 500 


6 



[0037] In view of the result of above-mentioned Table 2 and 3, about the dial face processed from 
SUS304 material, it is clear that it is inferior to corrosion resistance etc. compared with the thing of 
SUS316L and SUS310, and is not so much suitable for carburization processing. In addition, when 
magnetism was investigated with the powerful permanent magnet about these three kinds of dial faces, 
by 304 SUSs, remarkable magnetism was accepted in the stage before processing to SUS316L article 
and 310 SUSs having not had magnetism, after processing before processing. That is, it is thought that it 
was not stable and processing induction martensite was generating the austenite phase during the 
organization by processing in ordinary temperature, and, for this reason, it is thought that a good 
hardening layer was not obtained. 
[0038] 

[Example 3] The dial face of the SUS3 16L material used in the example 2, and SUS3 10 material <A To 
HREF=7Tokujitu/tjitemdrw.ipdl?N0000=237&N0500=l E_N/;?6? 

8>7:;///&N0001=198&N0552=9&N0553=000009" TARGET= ,, tjitemdrw"> drawing 1 After blowing 
fluorine system gas (5vol%NF3+95vol%N2 mixed gas) for 20 minutes after inserting in the shown 
furnace and heating at 480 degrees C, and carrying out fluoride processing, The temperature up was 
carried out to 510 more degrees C, and carburization nature gas (CO20vol%+H2 42vol%+C02 2vol% 
and remainder N2) was blown for 8 hours, and it took out, after performing carburization processing. 
When the situation of a hardening layer was investigated in the state as it is, the SUS3 16L article was 
[ Hv 1050-1120 and 310 SUSs of surface hardness ] Hv(s) 1090-1150. The SUS316L article was [ 45 
micrometers and 3 10 SUSs of the depth of a hardening layer ] 38 micrometers. These results are shown 
in the following table 4. 
[0039] 
[Table 4] 
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mm chv) 




SUS3 1 6L 


1 0 5 0 — 1 1 2 0 


4 5 


SUS3 1 0 


1 0 9 0-1 1 5 0 


3 8 



[0040] It took out, after being immersed in 50-degree C 20vol%HNO3-5vol%HF solution for 20 
minutes like the example 2 next. The situation of both hardening layer was surface hardness, the 
SUS316L article was Hv 580-600, and 310 SUSs were Hv(s) 620-630. Each depth of a hardening layer 
is 15-22 micrometers, and, moreover, the depth varied. These results are shown in the following table 5. 



[0041] 
Table 5] 






(jum) 




rnjim (Hv) 


SUS3 ] 6L 


5 8 0- 6 0 0 


1 5-2 2 
* 


SUS3 1 0 


6 2 0- 6 3 0 


1 5-2 2 
* 



[0042] Furthermore, it was generated [ both ] by the SUS316L article in 32 hours for 27 hours, and rust 
was generated by 3 10 SUSs although SST was presented with the sample which gave strong barrel 
finishing processing after carburization processing. These results show that the corrosion resistance of a 
hardening layer falls remarkably, when carburization processing temperature amounts to 510 degrees C 
[0043] 

[Example 4] Two or more clock casing which carried out the fabricating operation to what was used in 
the example 1 from SUS316L material of the same kind was prepared. After inserting in the furnace 
which shows this to drawing 1 and heating at 480 degrees C, it held for 20 minutes under fluorine 
system gas (3vol%NF3+97vol%N2 mixed gas) atmosphere, and fluoride processing was performed. 
Subsequently, 20vol%NH3+80vol%N2 Middle processing was performed by blowing mixed gas for 30 
minutes at this temperature. Next, it is NH3. The entrainment of gas was stopped, and it took out, after 
having blown carburization nature gas (CO10vol%+H2 20vol%+CO2 0.5vol% and remainder N2), 
holding for 12 hours and performing carburization processing, the place which investigated the situation 
of the hardening layer of this sample - the maximum surface section a 4- 5 -micrometer oxidization 
unusual layer -- it is -- this oxidization unusual layer thickness - examples 1, 2, and 3 - comparing - a 
double-precision grade -- it is formed thickly This is NH3 in middle processing. It is imagined as what 
CrN generated in the maximum surface section and had the influence by addition of gas. Subsequently, 
after being immersed in 50-degree C 15vol%HN03-5vol%HF solution for 25 minutes and removing a' 
black unusual layer, when the situation of a hardening layer was investigated, the depth of Hv 770-920 
and a hardening layer was 31 micrometers, and surface hardness's was a little thicker than the example 
1, and the above-mentioned oxidization unusual layer was removed completely. 
[0044] As the above examples 1-4 show, the corrosion resistance of the hardening layer by this 
invention shows that it changes rapidly, while carburization temperature results [ from 480 degrees C ] 
in 510 degrees C, and is telling that this temperature requirement is a transition region. Therefore, in this 
invention, it is aimed at what performed carburization processing at the temperature of 480 degrees C or 
less preferably 500 degrees C or less. 
[0045] 

[Example 5] Many work pieces of the same form as the SUS3 16L material used in the example 3 were 
prepared. Carburization processing was performed on various kinds of processing conditions which 
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show these piece in the following table 6 using the furnace shown in drawing 1 . And pickling 
processing was performed after carburization processing using the 15vol%HN03-5vol%HF solution 
warmed at 50 degrees C. Surface hardness, the hardening layer depth, and the maximum carbon 
concentration of the front face by EPMA analysis were investigated after it. The result is shown in the 
following table 7. 
0046] 











MS. 


3 5 O'C 


5vol9>NFa +9 5vol%N, 


m 


2 0# 


mm. 


m 


<D4 4 0'C|@4 8 O'C 


® Pc =3. 2 
<2) P c =0. 75 
<3> Pc =0. 1 5 


m 


i em 



0047] 
Table 7] 



mmmm. 


4 4 0V 


4 8 O'C 


3. 2 


mm (hv) 


9 1 0~9 3 0 


9 2 0-94 0 




2 2-2 7 


3 2-34 




2. 3-2. 4 


2. 4 5-2. 6 


Pc IS 
0. 75 


mm (Hv) 


8 5 0-8 8 0 


9 0 0—9 2 0 


fflfflmz turn) 


2 1-22 


3 2-3 3 




2. 0—2. 1 5 


2. 1-2. 2 


Pc m 

0. 1 5 


sags (Hv) 


4 7 0-5 9 0 


5 3 0-6 9 0 


®(HI$£ (.vm) 


1 6-1 8 


2 8-3 0 




1. 2-1. 6 


1. 2—1. 8 



[0048] As for the hardening layer depth, according to the result of the above-mentioned table 7, mainly 
depending on carburization processing temperature, carbon POTENNSHARU (PC value) of 
carburization nature gas atmosphere shows not receiving so big influence. On the other hand, surface 
hardness is PC of atmosphere. It is PC of atmosphere, in order to change in response to the influence of 
a value and to obtain the surface hardness (800 or more Hv(s)) of fixed level. It turns out that value 
control is required. Moreover, the above PC It turns out that the value has also influenced the surface 
maximum carbon concentration. 



[Translation done.] 
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